Aims Nitrogen availability varies greatly over short time scales. This requires that a welladapted plant modify its phenotype by an appropriate amount and at a certain speed in order to maximize growth and fitness. To determine how plastic ontogenetic changes in each trait interact and whether or not these changes are likely to maximize growth, ontogenetic changes in relative growth rate (RGR), net assimilation rate (NAR), specific leaf area (SLA) and root weight ratio (RWR), before and after a decrease in nitrogen supply, were studied in 14 herbaceous species. † Methods Forty-four plants of each species were grown in hydroponic culture under controlled conditions in a control treatment where the supply of nitrogen remained constant at 1 mM, and in a stress treatment where the nitrogen supply was abruptly decreased from 1 to 0 . 01 mM during the growth period. † Key Results and Conclusions In the treatment series, and in comparison with the control, NAR and RGR decreased, RWR increased, and SLA did not change except for the timing of ontogenetic change. Species having greater increases in the maximum rate of change in RWR also had smaller reductions in RGR; plasticity in RWR is therefore adaptive. In contrast, species which showed a greater decrease in NAR showed stronger reductions in RGR; plasticity in NAR is therefore not adaptive. Plasticity in RGR was not related to plasticity in SLA. There were no significant relationships among the plasticities in NAR, RWR or SLA. Potentially fast-growing species experienced larger reductions in RGR following the nitrogen reduction. These results suggest that competitive responses to interspecific competition for nitrogen might be positively correlated with the plasticity in the maximum rate of change in RWR in response to a reduction in nitrogen supply.
INTRODUCTION
Being sedentary organisms, plants are inevitably exposed to environmental fluctuations at every spatial and temporal scale. In particular, soil nitrogen availability, which frequently limits plant growth (Aerts and Chapin, 2000) , fluctuates strongly in many tropical and temperate ecosystems (Lodge et al., 1994; Farley and Fitter, 1999) , even at scales as short as 1 d (Cui and Caldwell, 1997) .There are few experimental studies of the ecological consequences of temporal decreases in soil resources, although positive fluctuations ( pulses) of below-ground resources have been found to modify demographic rates (Angert et al., 2007) and species interactions (James and Richards, 2007) , and are expected to influence species diversity within plant communities (Chesson et al., 2004) .
Although it is well known that changes in nitrogen availability induce plastic phenotypic changes in plants, to what degree are such plastic changes adaptive? The effect of environmental fluctuations on plant performance (survival, growth and reproduction) will depend on the ability of the individual to adjust its phenotype by an appropriate amount and at a certain speed (Levins, 1968) . Doing so would maximize performance (for instance, growth) after favourable environmental fluctuations and minimize the loss of performance after an unfavourable fluctuation. Failing to do so could still result in plastic phenotypic changes, but such plasticity would not be adaptive; phenotypic plasticity is only adaptive if it is properly co-ordinated with the environmental fluctuation (Sultan, 2004) . Since growth strongly affects demographic properties such as survival and fecundity (Crawley, 1997) , the amount and timing of plastic changes in relative growth rate and its determinants following a decrease in nitrogen supply were studied.
Relative growth rate (RGR, g g 21 d
21
), a measure of the growth efficiency of the plant, is the rate of production of new dry mass per unit of existing dry mass. Realized RGR (in contrast to potential RGR) is positively related to resource acquisition and occupation of space (Lambers et al., 1998) , with future survival probability (Walters and Reich, 1996; Hastwell and Facelli, 2003; Sletvold, 2005; Portsmuth and Niinemets, 2007) , with the time to initiate reproduction in annuals (Lambers et al., 1998) and, via attainment of a larger size, with probability of flowering (Gross, 1981; Kachi and Hirose, 1985) and with reproductive effort (Weaver and Cavers, 1980; Aarssen and Taylor, 1992) .
Since carbon gain and plant growth are determined by different processes related with acquisition and use of both above-ground and below-ground resources (Lambers et al., 1998) , it is reasonable to expect that plasticity in RGR after a decrease in nitrogen availability will be related to plasticity in those leaf and root traits related to resource acquisition and use. Specific leaf area (SLA), a morphological trait, is the total leaf area divided by total leaf mass, and reflects the area available for light interception per unit of mass invested in leaves. The net assimilation rate (NAR), a physiological trait, is the rate of increase in biomass per unit of leaf area, reflecting the whole-plant balance between photosynthesis and respiration per unit of leaf area. The root weight ratio (RWR) is the proportion of biomass allocated to roots relative to the rest of the plant, indicating the fraction of tissue in charge of uptake of below-ground resources. These leaf and root traits can present adaptive plastic responses by minimizing the decreases in RGR following a reduction in nitrogen supply.
There is only partial evidence for such adaptive plastic responses. Meziane and Shipley (1999) found that, when species were grown under different but constant resource availabilities, interspecific variation in RGR was buffered by negative correlations between NAR and SLA. However, since individual plants in that experiment did not experience a decrease of nitrogen supply during growth, such results tell us nothing about the timing of plastic responses. Similarly, there is some evidence that species with high maximum potential RGR (RGR max ) are more sensitive to different but constant nutrient supplies (Shipley, 1988, Meziane and Shipley, 1999) , and fast-growing species are expected to develop stronger foraging responses when exposed to different resource availabilities (Grime and MacKey, 2002) . However, it does not follow that such plastic responses are always adaptive.
Plasticity of a given trait in response to fluctuations in soil resources has often been examined by comparing the value of a trait after some fixed time between environments (Pigliucci et al., 1997) that differ in the amount, but not in the temporal availability, of the resource. This method is called the 'snapshot approach'. However, plasticity in the final value of a trait is the result of plasticity in its developmental trajectory, and plasticity in the shape of ontogenetic trajectories will be adaptive only if the timing of the phenotypic change (i.e. the time lag between the start of the environmental cue, and the start of phenotypic response to that cue) appropriately tracks the timing of the environmental fluctuation (Levins, 1968) . If we want to know whether a genotype or species is able to adaptively adjust the timing, degree and rate of development of a target trait in response to environmental heterogeneity, the ontogenetic trajectory of that trait must be measured and compared between the different environments. This method is called the 'ontogenetic approach'.
This study concentrates on interspecific plastic responses to temporal variation in nitrogen supply. This is done by measuring changes in RGR, RWR, NAR and SLA during a control treatment where species were exposed to a constant nitrogen supply, and during a stress treatment where the same species were first grown in identical conditions and then exposed to a sudden reduction in the nitrogen supply for the rest of their growth trajectory. How the plant modifies the ontogenetic trajectory of RWR, NAR and SLA following a decrease in nitrogen availability and how such changes in the ontogenetic trajectory of these growth components affect the ontogenetic curve of RGR are examined.
Specifically, the following questions were addressed:
(1) Are the snapshot and ontogenetic approaches equally suitable to detect plasticity in a given trait and to detect relationships between the plasticity of different traits?
(2) Does plasticity in NAR, SLA or RWR minimize the expected decrease in RGR following a reduction in nitrogen availability? (3) Do species with higher RGR max display greater decreases in RGR after a reduction in nitrogen availability or, are such species more able to develop plastic changes in NAR, SLA or RWR in such a way that they minimize the decrease in RGR, thus minimizing the loss of performance?
MATERIALS AND METHODS
Forty-four plants from each of 14 species were grown under each of two experimental conditions. Individuals in a control experiment were exposed to a constant hydroponic solution (see below) over 4 weeks, in which the nitrogen concentration was maintained at 1 mM. Individuals from the same species were grown in this same solution for the first 12 d, after which the nitrogen concentration was reduced 100 times to 0 . 01 mM and maintained at this level until the end of the 4-week period (nutrient stress treatment 
Growth conditions and harvests
Seeds of all species were germinated in a growth room at 25 8C in sand culture receiving the same nutrient solution as in the control series. Germination was timed in order to provide sufficient individuals per species having a similar size and large enough to allow transplantation into the hydroponic system. When plants were sufficiently large their roots were gently washed free of sand and transplanted into hydroponic culture in a growth chamber. The growth chamber was programmed to provide an irradiance of 500 mmol m 22 s
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PAR, a 16 h/8 h (light/dark) photoperiod and a 22/18 8C temperature cycle for both the treatment and control series. The hydroponic system consisted of a 148 cm Â 66 cm Â 26 cm container placed within the growth chamber and filled with 279 L of nutrient solution. This container was covered with a lid having a grid of 220 equidistant holes (6 cm distant from one another). The plants were placed in these holes and randomly positioned on the cover. The distance between plants increased over time as harvests began and the plants did not overtop one another. When this was likely to occur, the location of the plants was changed to avoid overtopping. Since the growth chamber could only hold 220 plants (thus five species), both the control and the treatment series were split into three sets of five species at a time. The same combination of species per set was used for the treatment and the control. A fan below the container ensured air circulation and a homogeneous air temperature within the chamber. The nutrient solution was maintained in movement and was continuously aerated by two water and two air pumps. The solution used during the control con In order to maintain the potassium and calcium concentrations as in the control series, the concentrations of K 2 SO 4 and CaCl 2 were adjusted to 1 . 996 mM and 1 . 497 mM, respectively. The pH was monitored daily and adjusted to 5 . 85. The solution concentration was monitored daily and was completely renewed every 5 d for both the control and the treatment. Because of these culture conditions, and because plants did not overtop one another due to the increasing distances between them as harvesting proceeded, competition was kept to the minimum.
The harvest schedule began on day 8 following transplantation into the growth chamber. In order to be able to detect sudden plastic responses, for both experimental conditions, the harvest programme was characterized by a more intensive harvest frequency bracketing day 12 (the day when the reduction in nitrogen availability was imposed in the treatment) as follows: from day 8 until day 15, generally three plants per species per day were harvested; from day 16 until day 20, generally two plants per species per day were harvested; from day 21 until the end of the experiment, generally one plant per species per day was harvested. Plants were randomly chosen for harvest. The actual number of plants per species per day that were harvested sometimes differed from these values in some species due to seedling mortality during the initial establishment phase before transplantation. The maximum number of consecutive days with no harvested plants for a particular species was two.
At each harvest the individual was separated into leaves, roots and 'support' tissues (stems and petioles). Water was removed from the surface of each plant part with absorbent paper, and its fresh weight was measured. Total one-sided leaf area of the plant was measured by image analysis with WinFolia2001a for Windows (Regent Instruments Inc.). Plant parts were then oven-dried for at least 48 h at 80 8C before obtaining dry weights.
Growth analysis and estimation of plasticity parameters
The predicted values through time of RGR, NAR, SLA and RWR correspond to a curve describing the ontogenetic trajectory followed by each trait. Because RGR, NAR, SLA and RWR could change continuously in these experiments, the predicted values and 95 % confidence intervals of these measurements were estimated using cubic-spline smoothers. Cubic-spline smoothers do not impose any functional relationships on the data and can detect even subtle changes in complicated nonlinear growth trajectories (Shipley and Hunt, 1996) . The predicted values of RGR at each harvest were estimated as the derivative with respect to time of the predicted natural logarithm of plant dry mass. The observed values of SLA were calculated as the whole-plant leaf area divided by whole-plant leaf dry mass. RWR corresponded to whole-plant root dry mass divided by whole-plant dry mass. Predicted values of NAR were obtained from the product of RGR and whole-plant dry mass divided by total leaf area.
To test whether plants show plasticity in the ontogenetic trajectory of the growth components after a reduction in nitrogen availability, measures of the strength and rapidity of change that the growth component would follow during ontogeny in each environment are needed. For this purpose, the following parameters were calculated from the curve of each growth component of each species in each treatment series: (a) the maximum rate of change (either positive or negative); (b) the time at which this maximum rate occurs with reference to day 12 . 7, i.e. the time when the nitrogen stress began during the treatment; (c) the percentage change in the growth component at the time of the maximum rate of change compared with the mean value before day 12 . 7; (d ) the percentage change at the end of the experiment compared with the mean value before day 12 . 7; (e) the predicted value at the time when the maximum rate of change occurred; and ( f ) the predicted value at the end of the experiment (Fig. 1) . Cubic-spline smoothers were fitted using the smooth.spline function in R (R Foundation for Statistical Computing; http:// www.R-project.org). All other statistical analyses were done using SPSS 13 for Windows computer package. t-tests were conducted without assuming equality of variances between groups, resulting in Welch (or Satterthwaite) approximations to the degrees of freedom. The degree of plasticity for each ontogenetic parameter of each trait was calculated as the absolute value of the percentage of the difference between the two environments in the value of the ontogenetic parameter. The arcsine of the square root of these percentages was calculated before running correlation analyses to stabilize the variance and to obtain approximate linearity. Bivariate correlations between the levels of plasticity of different traits were tested using the Pearson correlation coefficient. The maximum potential RGR (RGR max ) was estimated as the maximum value from the curve of predicted values of RGR during the control series. Describing ontogenetic trajectories with respect to time instead of to mass or size was not an arbitrary decision. Since plants that are exposed to different environments can grow at different rates, when plants are compared at a common age (as in the snapshot approach) it is possible that their traits may differ between environments only because plants in the poorer environment are growing more slowly and are at an earlier point along a fixed developmental trajectory. Comparing plants at a common size in a snapshot approach might correct for this, but only if size and ontogenetic stage is tightly correlated. This is probably a reasonable assumption when comparing individuals of the same species but not when comparing across species. By comparing plants at the same age but quantifying the growth trajectory (thus changes is size) over time, it is possible to separate age and size.
RESULTS
In the control series, in which the nitrogen concentration of the nutrient solution remained constant and high, the instantaneous RGR max varied from 0 . 14 g g 21 d 21 (Hypericum pyramidatum) to 0 . 32 (Lycopus americanus) with an average interspecific value of 0 . 24. At the end of the experiment (mean ¼ 29 . 6 d), RGR values decreased from their maxima for the majority of species (12 of 14) being, on average, 12 . 3 % lower than the mean value before day 12 . 7 (i.e. the time at which the nitrogen concentration of the solution was reduced during the treatment). On average, comparing across species, SLA decreased by 18 . 7 % + 18 SD, NAR decreased by 3 . 1 % + 25 . 3 SD and RWR increased by 19 . 5 % + 43 . 8 SD.
In general, RGR started to decrease within the first 3 d after reducing the nitrogen concentration of the solution at day 12 . 7 in the treatment series. The interspecific RGR at the end of the experiment (mean ¼ 28 . 6 days) was, on average, 63 . 3 % lower than the mean value before day 12 . 7. At the end of the experiment and averaging across species, SLA decreased by 25 . 6 % + 14 . 9 (standard deviation) over time, NAR decreased by 28 . 1 % + 56 . 0 and RWR increased by 125 . 6 % + 69 . 4.
Plasticity at the end of the growth period
In comparison with the control series, both RGR and NAR had a significantly lower value at the end of the experiment in the treatment series (t 25Á862 ¼ 6 . 941, P ¼ 2 Â 10 27 for RGR; t 19Á892 ¼ 2 . 771, P ¼ 0 . 012 for NAR). On the other hand, RWR was significantly higher at the end of the experiment in the treatment series (t 24Á589 ¼ 24 . 234, P ¼ 3 Â 10 24 ). However, the final value of SLA did not differ between the control and treatment series (t 25Á720 ¼ 0 . 676, P ¼ 0 . 505), indicating a lack of plasticity in the final SLA.
Plasticity in the timing, degree and rate of ontogenetic change Plasticity in the ontogenetic trajectory of a trait corresponds to significant differences between the control and the treatment series in any of the measures of change calculated from the ontogenetic curve followed by that trait in each environment (Fig. 1) . After day 12 . 7, plant species in the treatment series took fewer days to reach the time at which SLA was decreasing at its maximum rate of change in comparison with the control (t 18Á230 ¼ 2 . 106, P ¼ 0 . 049). In contrast, the time to attain this maximum rate of change did not differ significantly between the control and treatment series for RGR (t 22Á142 ¼ 20 . 944,
After day 12 . 7, the maximum rate of change of RGR (t 22Á042 ¼ 3 . 292, P ¼ 0 . 003) and NAR (t 17Á540 ¼ 22 . 466, P ¼ 0 . 024) were significantly more negative in the treatment than in the control series; on the other hand, RWR increased more rapidly during the treatment than during the control series (t 22Á613 ¼ 24 . 701, P ¼ 1 Â 10 24 ). The maximum rate of change of SLA did not differ between the control and the treatment series (t 24Á170 ¼ 21 . 288, P ¼ 0 . 210).
Regarding the degree of ontogenetic change, NAR and SLA were not plastic in their percentage change either at the time of their maximum rate of change (t 18Á215 ¼ 21 . 275, P ¼ 0 . 218 for NAR; t 25Á964 ¼ 20 . 603, P ¼ 0 . 551 for SLA) or at the end of the experiment (t 18Á107 ¼ 21 . 522, P ¼ 0 . 145 for NAR; t 25Á152 ¼ 21 . 107, P ¼ 0 . 279 for SLA). In contrast to this, and in comparison with the control series, RGR showed a significantly higher reduction in this percentage change in the treatment, both at the time of its maximum rate of change (t 19Á790 ¼ 23 . 849, P ¼ 0 . 001) and at the end of the experiment (t 24Á703 ¼ 24 . 794, P ¼ 6 Â 10
25
). In comparison with the control series, RWR had a significantly higher increase in this percentage change in the treatment series, both at the time of its maximum rate of change (t 19Á674 ¼ 5 . 308, P ¼ 4 Â 10
) and at the end of the experiment (t 21Á942 ¼ 4 . 835, P ¼ 8 Â 10
).
Plasticity in RGR versus plasticity in RWR, NAR and SLA
The plasticity in the predicted value of RGR at the end of the experiment was positively related both with the plasticity in the maximum rate of change in NAR and with the plasticity in the predicted value of NAR at the end of the experiment ( Fig. 2A, B) . Species that showed less reduction in RGR were those having a greater plasticity in allocation of biomass to roots. In particular, plasticity in the percentage decrease in RGR at the time of its maximum rate of change was negatively related to plasticity in the maximum rate of change in RWR (Fig. 3A) . Plasticity in RGR was not related to plasticity in SLA. There were no relationships between the plasticity in NAR, RWR or SLA. Plasticity in the percentage decrease in RGR at the time of its maximum rate of change was positively related with plasticity in the percentage decrease in RGR at the end of the experiment (Fig. 3B) , indicating that strong decreases in RGR at its maximum rate of change result in strong decreases at the end of the experiment.
RGR max versus plasticity
When plasticity was estimated as the absolute value of the percentage of the difference between control and treatment, RGR max was not related with the plasticity in RGR. However, when plasticity was estimated as the absolute value of this difference, RGR max was positively related with plasticity in the predicted value in RGR at the time of its maximum rate of change, i.e. species with higher maximum potential growth rate presented stronger reductions in their growth efficiency (Fig. 4A) . Similarly, RGR max was positively related both with the plasticity in the percentage increase in RWR at the end of the experiment and with the plasticity in the predicted value of RWR at the end (Fig. 4B, C) . RGR max was not related to plasticity in NAR nor in SLA.
DISCUSSION

Snapshot versus ontogenetic results
Fewer traits showed plasticity when only the value at the end of the experiment was considered than when the whole ontogenetic trajectory was considered. The only relationship found between the plasticity in the final value of different traits was between NAR and RGR. However, when the shape of ontogenetic trajectories was considered, there were significant relationships between the plasticity in RGR and RWR; between RGR max and the plasticity in RGR; and between RGR max and the plasticity in RWR. Consequently, limiting the study of plasticity to a single measure to be compared between the different environments underestimates both the existence of plasticity in a given trait and the existence of relationships between the plasticity of different traits. In part, this is the result of 'phenotypic convergence', i.e. when different ontogenetic trajectories lead to the same final phenotype (Pigliucci et al., 1997) . Therefore, studies of plasticity under environmental fluctuations should compare the timing, the degree and the rate of ontogenetic change between the different environments. Does plasticity in NAR, SLA or RWR buffer decreases in RGR following a reduction in nitrogen availability?
It was observed that there were plastic changes in the ontogenetic trajectory of biomass allocation to roots in response to the nutrient stress, and that species with a higher increase in allocation to roots showed weaker reductions in RGR. Assuming that maximizing RGR leads to greater fitness, this represents an adaptive plastic response. The results are consistent with optimal resource allocation theory which suggests that allocation tends to be directed to the organ that captures the resource which is limiting growth, thus maximizing growth rate (Bloom et al., 1985) . In contrast to the present results, Gedroc et al. (1996) and McConnaughay and Coleman (1998) found that changes in growth in response to fluctuations in nutrient availability were not related to changes in biomass allocation between roots and shoots. Those authors found that there were no plastic changes in biomass allocation in response to variation in the supply of nutrients. The lack of plastic responses in biomass partitioning observed by Gedroc et al. (1996) and by McConnaughay and Coleman (1998) could be explained by the fact that these studies examined only annual plants (two and three species, respectively), which seem to present less flexible developmental trajectories than perennials (Moriuchi and Winn, 2005) and which have root systems better adapted for nutrient uptake (Roumet et al., 2006) . On the other hand, neither Gedroc et al. (1996) nor McConnaughay and Coleman (1998) tested for differences between environments in the timing, degree or rate of ontogenetic change, which, as has been shown here, is necessary to achieve a complete examination of plastic responses under environmental fluctuations. Indeed, in the present study the relationship between plasticity in RGR and plasticity in RWR occurred exclusively due to the relationship between the percentage decrease in RGR at time of its maximum rate of change and the maximum rate of change in RWR.
A rather different plastic response was seen with respect to NAR. Species which had a greater reduction in NAR following the decrease in nitrogen availability also had a greater reduction in RGR. Unlike the plastic response of RWR, whose effect was to buffer the reduction in RGR (and potentially in fitness), this plastic response of NAR appears nonadaptive. A likely explanation is that the sudden reduction in nitrogen supply inevitably resulted in a reduction in leaf photosynthetic enzymes, reducing NAR as a consequence.
Relationships between interspecific variation in plasticity of RGR and RGR max Campbell and Grime (1989) reported how a fast-growing species responded more efficiently to long pulses of nutrient enrichment than a slow-growing species. If this is general, then plasticity in RGR and RGR max will be positively correlated and fast-growing species might therefore have a greater ability to adjust their phenotype when facing prolonged fluctuations in nutrient availability. The treatment consisted of a prolonged decrease in nitrogen availability. It was found that the higher the RGR max , the more severely the species is affected by the reduction in nutrient supply (i.e. it shows a greater decrease in RGR at the time of its maximum rate of change). This is in agreement with the results obtained when Shipley (1988) and Meziane and Shipley (1999) who provided plants with different, but constant, concentrations of nutrient availability over time.
Possible consequences for species composition of communities Neytcheva and Aarssen (2008) suggested that interspecific variation in competitive response is determined by interspecific variation in plasticity of traits in response to competition in comparison to trait values when growing in isolation. However, they did not specify which kind of plasticity on which traits would be related with variation in competitive response. The present results suggest that the competitive response of a species to intense inter-specific competition for nitrogen is positively related with its ability to minimize plasticity in RGR when nitrogen availability is reduced. The results show that this ability can be predicted in part by plasticity in the maximum rate of change in RWR in response to a reduction in nitrogen supply.
The slow-growing species presented smaller reductions in RGR when facing the decrease in nitrogen availability. This implies that decreases in nitrogen availability temporally reduce the differences between fast-and slow-growing species in resource acquisition, production of biomass and occupation of space. This could slow down the rate of competitive displacement. Decreases in nitrogen availability can also have different effects on the tolerance to disturbance of slow-and fast-growing species. Tolerance to physical disturbance (e.g. wind, trampling) in slow-growing species depends primarily on their more resistant, high-density tissues (Lambers et al., 1998) . Also, they usually have more types and amounts of chemical defences against herbivores (Coley, 1988) . In contrast, fast-growing species are characterized by more fragile, low-density tissues (Lambers et al., 1998) , and their tolerance to mechanical disturbance depends mainly on the achievement of high growth rates that ensure replacement of damaged or lost tissue. Therefore, whereas tolerance to disturbance of slow-growing species should not be affected by variation in RGR, decreases in nitrogen availability can be expected to reduce the survival probability of fast-growing species under frequent disturbance via greater reductions in RGR. If this is true then, by more strongly reducing RGR of fast-growing species, the repeated occurrence of decreases in soil nitrogen availability would reduce demographic growth in these species, and reduce the competitive effect they have on slow-growing species. The more frequent and intense such decreases, the more the chance of slow-growing species to establish and increase their abundance in fertile habitats, which would have a positive impact on species diversity in such habitats. Functional plant ecologists have made substantial progress in understanding the interspecific variation in maximum relative growth rate and its components, and in linking such variation to the typical habitats of species. The present study shows that plastic variation in RGR and its components is also informative and suggests that some, but not all, such plasticity is adaptive. Besides independently confirming or refuting such results, future work should concentrate on extending the study of plasticity to below-ground traits and on linking interspecific differences in plasticity to the range and variability of resource supplies in the typical environments of different species.
